ardiac failure has a prevalence of 1% in people aged in their 50 s and 10% in their 80 s. The presence of cardiac failure symptoms in the preoperative period is known to increase the surgical risk and the postoperative mortality and morbidity. In recent years the introduction of new drugs and the increased use of coronary angioplasty and stent methods have enabled coronary heart operations to be performed in older patients and patients with late-stage disease. Thus determination of patient risk prior to operation has acquired importance.
In the present study, the association between the preoperative NT-proBNP level and the prevalance and level of cardiac failure in the early postoperative period in patients undergoing coronary artery bypass grafting (CABG) was investigated.
Methods
We enrolled 52 adult patients undergoing elective CABG. In all patients the NT-proBNP level was measured via Elecys ProBNP sandwich immunoassay method on the day before surgery, and the normal value was accepted as <220 pg/ml. 6 Based on this we divided the patients into 2 groups: NT-proBNP level <220 pg/ml (Group A, n=26) or >220 pg/ml (Group B, n=26). Patients with renal failure (because a preoperative creatinine level >1.6 would cause an increase in the NT-proBNP level), acute myocardial infarction, or combined valvular disease and severe obstructive pulmonary disease were excluded.
All the patients underwent CABG with standard cardiopulmonary bypass (CPB) techniques. The left internal mammary artery was used for revascularizing the left anterior descending coronary artery or a saphenous vein graft was used for the other coronary arteries. Arterial pressure was monitored via a radial artery cannula and cardiac rhythm was followed by the bedside monitor. The values for cardiac output (CO) and cardiac index (CI), pulmonary capillary wedge pressure (PCWP), pulmonary artery pressure (PAP), central venous pressure (CVP) were measured preoperatively and at 0 and 16 th postoperative hours via the SwanGanz Thermodilution method.
Inotropic agents were used when the patient's arterial pressure was below 80 mmHg and adequate perfusion could not be achieved. Dobutamine was the first-choice, but combined inotropic therapy was administered if arterial pressure was inadequate. Adrenalin was required in combination with dobutamine and dopamine in rare cases. Noradrenaline was not used in any patient. Intra-aortic balloon pumping (IABP) was needed when inotropic agents were insufficient.
The findings were compared and evaluated by the Student's t-test for the intergroup comparisons and Wilcoxon signed rank test was used for within-group comparisons; p<0.05 was considered as statistically significant (SPSS, Chicago, IL, USA).
Results
The demographic data and risk factors of the 2 groups are shown in Table 1 . There were no statistically significant differences between the groups. Mean preoperative LV ejection fraction (LVEF) of Group A was higher than Group B (p<0.05). CPB and cross-clamp times, the number of distal bypasses and the quantity of drainage for both groups were not different ( Table 2) .
Preoperative and postoperative CO and CI values in Group A were higher than in Group B (p<0.05) ( Table 3) .
In Group A, systolic arterial pressure decreased significantly at the 0 and 16 th postoperative hours compared with the preoperative period (p<0.05). Pulse rate increased significantly (p<0.05). The preoperative CO and the CI values were found to be significantly lower than the postoperative values (p<0.05). No statistically significant differences were observed between the preoperative PCWP, PAP and CVP values, and those obtained postoperatively (p>0.05).
In Group B, systolic arterial pressure increased significantly at the 0 and 16 th postoperative hours compared with the preoperative period (p<0.05). Pulse rate decreased significantly (p<0.05). The preoperative CO and the CI values were found to be significantly lower than the postoperative values (p<0.05). No statistically significant difference was observed between the preoperative PCWP, PAP and CVP values, and those obtained postoperatively (p>0.05).
Cardiac inotropes were administered to 21 patients in Group B and 4 patients in Group A during the early postoperative period. The dosage and duration of administration was significantly higher in Group B (p<0.05) (Tables 4-6). There was no patient in Group A who received dopamine alone and required IABP. The number of patients who were given dobutamine, and dobutamine in combination with dopamine, in Group A was significantly less than in Group B (p<0.05). The mean NT-proBNP level was 886.25±655.26 pg/ml in patients who required inotropic agents (n=25) and 183.07± 224.79 pg/ml in the others (n=27), which was a statistically significant difference (p<0.001).
Discussion
It is known that LV systolic dysfunction and increased ventricular filling pressure increases blood levels of BNP and NT-proBNP. The measurement of NT-proBNP is used for the diagnosis of congestive heart failure, 5 because increased pressure in the right chambers of the heart secondary to LV dysfunction and severe pulmonary hypertension goes in parallel with increases in the BNP and NT-pro-BNP levels. The NT-proBNP level can be measured easily via Elecsys ProBNP sandwich immunoassay method. The proBNP level is reported to rapidly increase at birth and decrease within the first days, remain stable after the first 4 months of birth and not to be affected by gender and increased with age in both sexes. Low NT-proBNP values are associated with a lower risk of death, independent of age, gender, and LVEF. 7 Normal values for the mean NTproBNP level are less than 220 pg/ml 6, 8 and level above 220 pg/ml can be accepted as diagnostic for cardiac failure. This value determined the patient groups in our study.
Both the proBNP and NT-proBNP peptide are able to establish the diagnosis of heart failure, but the NT-proBNP level is more sensitive and specific, and can be used as a simple, highly effective diagnostic test for heart failure. 9 The diagnostic value of NT-proBNP is that it may be more accurate and more reliable than BNP for the detection and evaluation of patients with LV dysfunction, because of the longer half life of NT-proBNP. 10 ,11 NT-proBNP shows a greater proportional and absolute increase in value in many clinical situations. The high negative predictive value of BNP makes it suitable for population screening, but its low positive predictive value emerges as a problem for diagnostic screening because of the large number of false-positive results. 12 Plasma norepinephrine (NE) concentration has no independent prognostic power for clinical cardiac outcomes, which may reflect the heterogeneous response of NE in the early postinfarction period, during which pain, anxiety, and multiple drugs may acutely modify plasma catecholamine levels in addition to the extent of cardiac injury. 13 For this reason the blood NT-proBNP level may be used for accurate diagnosis and prognosis.
Blood NT-proBNP levels increase in patients with renal failure, 14 so we excluded such patients (creatinine levels >1.6) from the study. Female patients with a high body weight have been found to have a higher NT-proBNP level and the proBNP level decreases as body weight decreases; that is, there is an inverse relation between BNP level and body mass index. 15 The high mean arterial pressure does not affect the NT-proBNP level in patients without LV dysfunction, and NT-proBNP is a useful diagnostic aid for LV systolic dysfunction even in hypertensive patients. 16 There was no statistically significant difference between our study groups in relation to mean body weight or presence of preoperative hypertension.
Postoperatively, elevated peak BNP levels and elevated peak BNP levels have beenassociated with prolonged hospital stay and mortality within 1 year. 17 In chronic cardiac failure of ischemic etiology, systolic dysfunction may be assessed by echocardiography. NT-proBNP levels are reported to be significantly related to LVEF values and increased in patients with LV dysfunction. 18 Plasma NTproBNP is a useful marker for recovery after a high-risk CABG procedure, and conversely significantly correlated with LVEF, and it increases as the LVEF declines. 19, 20 In our study we found the LVEF value was statistically significantly higher in Group A than in Group B. The NTproBNP level can identify patients with symptoms of heart failure and LVEF ≤40% with a sensitivity of 0.92 and specificity of 0.86. 21 NT-proBNP detects an LVEF ≤40% with good sensitivity and specificity and has a performance that is superior or equivalent to that of BNP. 22 NT-proBNP can be used to detect subclinical cardiac impairment and also has prognostic importance; it can be used by the cardiologist for further diagnostic tests and initiation of cardiac treatment if necessary; 4 however, it is unclear if LVEF is the best indicator of prognosis or an appropriate sole trigger for initiation of treatment. A significant proportion of clinical heart failure occurs in the presence of preserved LVEF and some reports indicating the prognostic value of BNP have not included measurement of LVEF. 13 Likewise, because it has been shown that an increased NT-proBNP level almost always corresponds with echocardiographic detection of cardiac pathology, 21 we did not compare the echocardiographic results of these patients with their preoperative levels of NT-proBNP. The 25 patients who developed cardiac failure and required inotropic agents had a mean NT-proBNP level of 886.25±655.26 pg/ml, whereas the mean NT-proBNP level was 183.07±224.97 pg/ml in the remaining 27 cases without heart failure (p<0.001). With comparison of the mean LVEF values the statistical difference is less significant (mean LVEF value 39.92+7.96 in the 25 patients who used inotropic agents; 45.42+5.00 in the others p<0.002). Like some studies, this finding indicates that preoperative NTproBNP levels are at least as valuable as the LVEF in predicting cardiac failure during the early postoperative period. 11 The blood NT-proBNP level is inversely proportional with CO and CI and the low values signify cardiac failure with poor CO. 23 In the present study, the CO and CI values were significantly higher in Group A, where the NTproBNP level was within the normal limits, compared with Group B.
Increased LV filling pressure is closely associated with high NT-proBNP levels in patients with LV systolic dysfunction. 24 Because the increase in PCWP leads to increased intraventricular tension, the NT-proBNP level is also increased. The CVP reflects cardiac filling and hence the cardiac tension. An increase in the CVP also causes an increase in the BNP level. 17 In the present study, the PCWP, PAP and the CVP values were within the normal limits in both groups and there was no significant difference between Group A and B with respect to these values. Similarly, in another study in which the NT-proBNP level was evaluated in patients undergoing cardiac surgery, no relation was detected between the NT-proBNP level and the PCWP, PAP and CVP values. 23 In our study, the high NTproBNP levels observed in Group B were not affected by the PCWP, PAP or CVP values. A raised plasma level of NT-proBNP has adverse prognostic significance even when the LVEF is preserved.
There are various inotropic, vasoactive treatment options for hemodynamic support in cases of severe myocardial dysfunction, so the choice of inotropic treatment for achieving adequate blood pressure and CI is important. The selection is usually made according to the etiology of the cardiac failure and the effect mechanism of the drug. A significant relationship has been detected between the inotropic agent administered and the NT-proBNP level. 23 Comparison with the BNP assay suggests that NT-proBNP could play an additional role in the evaluation of patients with LV systolic dysfunction. 18 The number of patients for whom inotropic agents were required was significantly lower in the group with the low NT-proBNP level than in the group with the high NTproBNP level (p<0.05). The mean duration of inotropic agent usage was 0.46±1.13 h in Group A and 5.92±6.40 h in Group B. We also found a higher use of inotropic agents in combination in Group A then in Group B. The requirement for inotropic agents is higher in patients with a high preoperative NT-proBNP level. Although the patients with a low NT-proBNP level in Group A also required inotropic agents, the dosages were very much lower and administration was of shorter duration than in Group B.
The use of IABP during cardiac surgery increases in patients with a high preoperative NT-proBNP level, 25 and in the present study it was used in 1 patient with a high NTproBNP level in Group B for 48 h.
In the present study, we found that the inotropic agents were used at higher doses and combined with others and used for a longer time in patients with a high preoperative NT-proBNP level. By measuring the NT-proBNP level in the period before open cardiac surgery, the relationship between the preoperative level and the postoperative prognosis of the patient and postoperative inotropic treatment will be seen. Measurement of the preoperative NT-proBNP level may be a predictor in determining future inotropic treatment.
The present findings led us to conclude that the plasma concentrations of NT-proBNP becomes markedly and acutely elevated after cardiac surgery with CPB, and reflects the state of LV function. The severity of acute heart failure after cardiac surgery can be predicted by the preoperative plasma NT-proBNP concentration. In order to obtain a definite relationship between the preoperative level of NTproBNP and postoperative outcome, further studies are required.
